Aggregation Behavior of Sugarbeet Root Maggot Larvae in Relation to Soil Moisture in a Vertical Arena
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Introduction:

The sugarbeet root maggot, Tetanops myopaeformis (Röder) is the most destructive insect pest of sugarbeet in the Red River Valley of North Dakota and Minnesota. Mobile life stages of this insect pest include the three larval instars and adult flies. There is a large body of published literature regarding root maggot fly behavior under natural and artificial conditions (Harper 1962, Swenson and Peay 1969, Lundquist 1972, Ayre and Semple 1978, Pontius 1982, etc.). The subterranean habitat of larvae makes direct observation of larval behavior very difficult, if not impossible, especially under field conditions. The significance of behavior studies lies in the fact that delivery techniques of chemical or biological insecticides can be made more precise when behavioral information is incorporated before deploying a control tactic. Behavioral data could thus result in refined root maggot management programs, and potentially improve insect control. However, behavioral observations often require use of awkward and tedious sampling procedures. As a result, the majority of published accounts on larval behavior are linked with seasonal biology and below-ground survival (Ure 1966, Whitfield and Grace 1985, MacRae and Armstrong 2000, MacRae 2003, etc.). There is no scientific evidence regarding larval movement under varied soil moisture regimes. The need of experiments reported herein originally arose from the desire to assess the impact of Metarhizium anisopliae var. anisopliae (an ascomycete fungus pathogen of sugarbeet root maggot larvae) on larval behavior. However, there was no established procedure for studying root maggot behavior.

This study was aimed at developing methodology to characterize the behavior of sugarbeet root maggot larvae in response to Metarhizium anisopliae exposure and to varying soil moisture concentrations. Dispersal of a harmless florescent dye was also evaluated in these studies. 
Materials and methods

Several 1-inch long sections of a transparent polyvinyl chloride (PVC) tubing (internal diameter of 2.7 inches) were stacked on top of each other. The resulting tubes served as a test arena for larvae. Transparency of the tubing allowed visual observation of larval behavior, which was also facilitated using sections  rather than using long tubes. Sectioning also allowed easy assembling of variable column lengths. The vertical heights of tubes were 2, 4, 6, 8, and 10 inches (5.08 to 25.4 cm). Four replications of each test were assembled in the laboratory. Tube sections were held in place using clear adhesive tape that readily came off at the end of the tests. Clean, natural soil from St. Thomas, ND, that was free of large clods/stones, was deposited into the assay tubes, and slightly compacted for uniform density. Soil used in the tests was sterilized, dried thoroughly, and remoistened to the desired moisture levels immediately before use. Soil moisture levels tested were 0, 10, 15, and 20% (w/w). Larvae were preconditioned by exposing them to sterilized moist filter papers for 24 h. Twenty third-instar root maggot larvae were released on top of the soil in each arena. A thin film of pink fluorescent dye was sprinkled on the soil surface in each arena. This florescent dye was easily visible even in trace amounts under an ordinary black-light. Larvae were rolled on to a thin film of dye to ensure a uniform external coating. A set of controls experiments (without dye) were also included. The top of each arena was sealed to prevent moisture loss, the bottoms of the tubes had a sheet of filter paper on a wire mesh. Tubes were maintained in total darkness for 48 h at 75o F (about 24o C), then dismantled by removing one section at a time. Larvae from the respective sections were recorded along with observations on the presence/absence of tracking dye. All larvae that exited were collected in a sterile jar kept at the base of each column. 

In a smaller experiment, the tracking dye was replaced with a conidial suspension of Metarhizium anisopliae strain ATCC 62176. All the other testing conditions mentioned above remained constant. The top 1-inch of soil was thoroughly mixed with a dilute suspension of M. anisopliae conidia. Conidial concentration in top soil was determined by the dilution plating method of Goettel and Inglis (1997). Larvae were released on the soil surface on the top layer of the arena, and allowed to burrow through treated soil, thus facilitating exposure of larvae to pathogen spores. Four replicates of the 8-inch tubes were used for this experiment. Based on experience gained from the previous studies, soil moisture was maintained at 10% in columns throughout the test. All larvae retrieved from the respective sections or those that exited out the bottom of the arenas were incubated on moistened filter paper at room temperature to facilitate mycosis (fungus disease in larvae). Clean soufflé cups were used for incubating individual larvae. This test was used to generate information regarding the possibility of physical dispersion of M. anisopliae conidia in the soil profile by root maggot larvae. 

Results and Discussion

Results from behavioral assays are presented in Table 1. In control experiments, the tracking dye was found to be harmless to root maggot larvae when used in small amounts. Test larvae generally disappeared from sight within 15 minutes after release on the soil surface in the test arenas. Root maggot larvae dispersed tracking dye to all explored depths, irrespective of the arena size. The pattern of deposition of florescent dye corresponded to the larval movement through exploratory tunnels. At the end of the test, most larvae had detectable levels of dye near the thoracic and postabdominal spiracles (breathing holes), and creeping welts. This strongly demonstrates that florescent tracking or marking techniques could be used for additional studies on this insect. Traces of dye were also found in the gut of some live larvae after running the tests. Apparently, ingestion of dye in trace amounts was harmless to third-instar larvae. Larva precondition is an important step for conducting successful bioassays. In our tests, only the most active larvae that penetrated several layers of filter paper and moved to the bottom of a container were used. Weaker larvae that remained in the upper-most layers were excluded. Extensive tunneling was visible at the walls of the arena. The architecture of tunnels suggested that larvae moved horizontally before burrowing down along the walls.  Several live larvae were found in the collection vessel below the soil column, especially when tube length was less than 8 inches (20.3 cm). 

Table 1. Effect of soil moisture and arena depth on behavior of third-instar Tetanops myopaeformis in a laboratory test
	Length of arena (inches)
	% soil moisture (w/w)
	Status of fluorescent dye in bottom sections
	Aggregation zone of larvae

	
	
	
	Aggregation depth a (inches)
	% larvae at aggregation depth

	2
	0
	Present
	0 - 1
	63.75

	4
	0
	Present
	0 - 1
	60.00

	6
	0
	Present
	1 - 2  
	58.75

	8
	0
	Present
	1 - 2
	70.00

	10
	0
	Present
	1 - 2
	67.50

	2
	10
	Present
	1 - 2
	33.75

	4
	10
	Present
	3 - 4
	25.00

	6
	10
	Present
	5 - 6
	28.75

	8
	10
	Present
	6 - 7
	20.00

	10
	10
	Present
	9 - 10
	35.00

	2
	15
	Present
	1 - 2
	20.00

	4
	15
	Present
	2 - 3
	27.50

	6
	15
	Present
	5 - 6
	23.75

	8
	15
	Present
	6 - 7
	27.50

	10
	15
	Present
	9 - 10
	20.00

	2
	20
	Present
	1 – 2
	91.25

	4
	20
	Present
	3 - 4
	60.00

	6
	20
	Present
	5 - 6
	35.00

	8
	20
	Present
	0 – 1
	30.00

	10
	20
	Present
	1 - 2
	45.00


aRefers to the depth at which maximum number of T. myopaeformis larvae aggregated after 48 h.
Number of larvae per test = 80; replications = 4

A harmless pink dye was used to record the movement of larvae and deposition of dye in tunnels.

There was an inverse relationship between percent soil moisture and aggregation zones of larvae. Over 40% root maggot larvae were generally found in these aggregation zones on an average. Aggregation zones have been reported in case of insects such as the cockroach larvae (Jeanson et al. 2005). Peculiar searching behavior among insects seeking optimal environment and attraction between individuals has been suggested as reasons for such aggregation behavior in larval stages (Jeanson et al. 2005). The exact reasons for aggregation by SBRM larvae are unknown.  All depths were explored by larvae when soil moisture levels were adequate. Arenas with dry soil (0% moisture) were not explored by larvae, irrespective of arena depth. Thus, about 64% larvae congregated within the top 2 inches of soil in extremely dry or wet conditions. It is yet unknown if such behavior allow larvae to utilize atmospheric moisture rather than desiccating in dry soil. Increasing soil moisture to 10% greatly stimulated larval exploratory behavior in this study, and about 35% of total larvae congregated at the bottom of a 10-inch soil column. Increasing soil moisture beyond to about 20% resulted in poor exploratory behavior by larvae, and the majority of larvae stayed at moderate to shallow depths. Although deep tunnels were visible in tubes exceeding 8-inches at the 20% soil moisture level, larvae preferred grouping or aggregating closer to the surface of soil columns. Under high soil moisture conditions (15 to 20%), the length of column had a small effect on the distribution of larvae.


At the beginning of the fungus portion of this experiment, 250 colony forming units (CFU) /g of M. anisopliae were present in the top 1-inch layer of soil. Larval mortality was 46.25%, 2.50%, and 1.25% at depths of 0 – 1, 1 – 2, and 2 – 3 inches, respectively. Interestingly, 14, 4, 2, and 1 CFU/g soil were detected at 1 – 2, 2 – 3, 3 – 4, and 4 – 5 inches, respectively. Soil beyond the 5-inch depth in the 8-inch long arena contained only a negligible number of M. anisopliae spores. 

It is evident from these findings that the SBRM larvae made exploratory tunnels to substantial depths in the columns, but formed distinct aggregation zones. It appears that larvae can disperse florescent dye especially in a small arena. It also demonstrates that physical movement of M. anisopliae conidia can be attributed to larva behavior facilitated by larval tunneling through soil. Perhaps high virulence and high spore concentration quickly killed some larvae following exposure. Although preliminary, studies reported herein demonstrate the feasibility of a new bioassay technique to study root maggot larval behavior in conjunction with pathogenicity of a fungus.
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